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 A Penning-like trapA Penning-like trap
+ a high energy e-beam.+ a high energy e-beam.

 Axial potential applied to the drift Axial potential applied to the drift 
tube (DT) and the space charge of tube (DT) and the space charge of 
the electron beam confines the the electron beam confines the 
ions.ions.

 Highly charged ions are produced Highly charged ions are produced 
through successive electron impact through successive electron impact 
ionization with a high density ionization with a high density 
electron beam compressed by a electron beam compressed by a 
strong magnetic field.strong magnetic field.

 Radiation from the trapped ions Radiation from the trapped ions 
can be observed through the can be observed through the 
observation slits opened at the observation slits opened at the 
middle of the ion trap.middle of the ion trap.

 The ions can be extracted axially The ions can be extracted axially 
through the electron collector.through the electron collector.

photon
HCI-beam

Electron beam Electron beam 
ion trap (EBIT)ion trap (EBIT)



 

 Interaction with an unidirectional and mono-energetic Interaction with an unidirectional and mono-energetic 
electron beamelectron beam
▶ Charge state can be controlled by electron energyCharge state can be controlled by electron energy
▶ Electron density can be controlled by current and B-fieldElectron density can be controlled by current and B-field
▶ ““Well-defined plasma” → good benchmark for model calculationWell-defined plasma” → good benchmark for model calculation
▶ Dependence on electron energyDependence on electron energy

excitation function, resonant processesexcitation function, resonant processes
▶ Non-thermal radiation (anisotropy), polarizationNon-thermal radiation (anisotropy), polarization
▶ Thin line-shape source → slit-less spectrometerThin line-shape source → slit-less spectrometer

 Radiation from trapped ionsRadiation from trapped ions
▶ Doppler-shift freeDoppler-shift free
▶ Small Doppler broadeningSmall Doppler broadening

EBIT SpectroscopyEBIT Spectroscopy

-in contrast with plasma spectroscopy

-in contrast with beam-foil spectroscopy



 

Tokyo-EBIT
since 1995

CoBIT
since 2007

Two EBITs at UEC TokyoTwo EBITs at UEC Tokyo

(Another CoBIT has been installed at NIFS recently.)



 

Middle of the trap

Achieved max. Ee: 180 keV
Achieved max. Ie: 330 mA

Ion trap

Tokyo-EBITTokyo-EBIT



 

10
cm

Specifications
e-beam energy  100 – 2500 eV
e-beam current  20 mA (max)
Magnetic field    0.2 T (max)
Temperature      77 K (High-Tc SCM)

CoBIT (Compact, Corona, … EBIT)CoBIT (Compact, Corona, … EBIT)
N.Nakamura et al., RSI 79 (2008) 063104N.Nakamura et al., RSI 79 (2008) 063104

LN2 tank

High Tc SCM

e-gun

Ion trap



 

Tokyo-EBITTokyo-EBIT CoBITCoBIT

Max. electron Max. electron 
energy (keV)energy (keV) 180180 2.52.5

Max. electron Max. electron 
current (mA)current (mA) 330330 2020

Max. magnetic Max. magnetic 
field (T)field (T)

4.54.5
(typically 4.0)(typically 4.0)

0.20.2
(typically <0.1)(typically <0.1)

Cryostat temp. Cryostat temp. 
(K)(K)

2.32.3
(typically 4.2)(typically 4.2) 7777

CoolantCoolant LHeLHe LN2LN2

Height (m)Height (m) ~4~4 ~0.4~0.4

IonsIons BiBi82+82+, Xe, Xe54+54+ WW35+35+, Fe, Fe16+16+

Comparison between two EBITsComparison between two EBITs



 CoBIT Tokyo-EBIT

wide range !

Fractional abundance in hot plasmasFractional abundance in hot plasmas

Pütterich, Ph.D thesis



 

Injection of various elementsInjection of various elements

 Ordinary gas injectorOrdinary gas injector
– W(CO)W(CO)66 for W, Fe(C for W, Fe(C22HH55))22 for Fe for Fe

 Effusion cell (Knudsen cell, K-cell)Effusion cell (Knudsen cell, K-cell)
– Gd (Gd (1100 1100 °C)°C)

1mm
EBIT

~300mm ~300mm ~400mm

1mm

Yamada et al., RSI 77 (2006) 066110
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Experimental setupExperimental setup
for visible spectroscopyfor visible spectroscopy

  

Sakoda et al., Phys. Scr. T144 (2011) 014011

grating1:
1200 g/mm
brazed at 400 nm

grating2:
300 g/mm
brazed at 500 nm

biconvex lens: f=62.3 mm
CCD: Roper
          LN/CCD-1100PB



 

2400 or 1200 mm-1

r=237 mm
r'=235.3 mm
α=88.7 or 87°
λ=1-5 or 5-20 nm

Nakamura et al., ApJ 739 (2011) 17

EUV spectrometer for CoBITEUV spectrometer for CoBIT



 

EUV spectrometer for CoBITEUV spectrometer for CoBIT

CCD
mount

grating
chamber

CoBIT

grating

Nakamura et al., ApJ 739 (2011) 17



 

2400 or 1200 mm-1

r=564 mm
r'=563.2 mm
α=89 or 87°
λ=1-6 or 5-25 nm

EUV spectrometer for the Tokyo-EBITEUV spectrometer for the Tokyo-EBIT

H. Ohashi et al., RSI 82 (2011) 083103



 

EUV spectrometer for the Tokyo-EBITEUV spectrometer for the Tokyo-EBIT

Grating chamber

Back-illuminated CCD

Grating chamber

Back-illuminated CCD

Tokyo=EBIT

H. Ohashi et al., RSI 82 (2011) 083103
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 Search for W emission lines Search for W emission lines in the visible regionin the visible region
 Search for W emission lines from charge states Search for W emission lines from charge states 

below W26+below W26+
 Identification of emission lines from neon-like Identification of emission lines from neon-like 

tungstentungsten
 Improvements to the existing codesImprovements to the existing codes
 More identified lines needed!More identified lines needed!

Atomic data needs for W ionsAtomic data needs for W ions
summarized by C.H. Skinner (CJP86, 285)summarized by C.H. Skinner (CJP86, 285)



 

Visible lines of WVisible lines of W
registered in the NIST DBregistered in the NIST DB

Ti-like W52+ 3d4 5D
J
 (J=3-2)



 

Contribution from metastable statesContribution from metastable states

Sakoda et al., Phys. Scr. T144 (2011) 014011 (HCI2010 proceedings)



 

Detailed identificationDetailed identification
for some lines of Wfor some lines of W26+26+

X.B. Ding et al., JPB 44 (2011) 145004
Komatsu et al., Phys. Scr. T144 (2011) 014012

cf) Recent studies on W27+
     (TH) X.B. Ding et al., J. Phys. B 45 (2012) 035003
     (TH+EX from Shanghai) Poster 3a (p.77)



 
H. Watanabe et al.,
Can. J. Phys. 90: 497-501 (2012)
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Solar observation satelliteSolar observation satellite
HINODEHINODE

EUV Imaging Spectrometer
   diagnostics for Te=105-107 K.

Ee= 10-1000 eV



 

Density diagnostics through Density diagnostics through 
intensity ratio observationintensity ratio observation

FeXIII spectrum by HINODE
T. Watanabe et al., ApJ (2009)

204.3

202.0

204.3 / 202.0



 

Typical EUV spectra of iron Typical EUV spectra of iron 
obtained with CoBITobtained with CoBIT

150 200 250 300

Fe IX

Fe X
Fe XI

Fe XII
Fe XIII Fe XIV

Fe XV

wavelength (angstrom)

Ee = 300 eV

Ee = 400 eV

Ee = 500 eV



 

Experimental setupExperimental setup

2400 or 1200 mm-1

r=237 mm
r'=235.3 mm
α=88.7 or 87°
λ=1-5 or 5-20 nm

Nakamura et al., ApJ 739, 17



 

Density dependence of intensity ratioDensity dependence of intensity ratio
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(a) Fe XIII
203.8 / 202.0

200.0 / 202.0

(b) Fe XIV
264.8 / 274.2

219.1 / 211.3

(c) Fe XV

233.9 / 243.8

electron density (cm−3)

270.5 / 274.2

N. Nakamura et al., Astrophys. J. 739 (2011) 17
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SummarySummary

 Electron beam ion trapElectron beam ion trap
– Versatile device to study radiative and collisional Versatile device to study radiative and collisional 

processes of highly charged ionsprocesses of highly charged ions
 The complementary use of the Tokyo-EBIT The complementary use of the Tokyo-EBIT 

and CoBITand CoBIT
– A wide range of charge states of a wide range of A wide range of charge states of a wide range of 

atomic numbers can be studied.atomic numbers can be studied.
– Spectra of hot plasma related ions (W, Fe, Gd) has Spectra of hot plasma related ions (W, Fe, Gd) has 

been systematically investigated.been systematically investigated.
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